Study design: Data are from a multicenter, randomized, double blind clinical trial of acute spinal cord injury. Objectives: To evaluate the prognostic value of magnetic resonance imaging (MRI) for randomized patients in the National Acute Spinal Cord Injury Study 3 (NASCIS). Setting: Sixteen spinal cord injury centers throughout the United States and Canada. Methods: Of 499 patients randomized in NASCIS 3 between December 1991 and September 1995, MRI was electively done on 191 patients within 72 h of injury. Indications of hemorrhage, edema, and contusion were recorded by standard protocol. Neurological impairment as determined by motor function, response to pin prick and light touch was assessed at admission to the participating center and 6 weeks after injury. Change in neurological function was obtained by subtracting the score of each neurological parameter at admission from that measured at 6 weeks. Spinal cord surgery performed within the 3 days after injury was noted. Data were analyzed by: chi square, analysis of variance, multiple logistic regression and linear regression models. Results: Patients with hemorrhage were much more likely to have a complete injury (OR=2.88, 95 Cl 1.32, 6.23); however this association was much reduced when the initial neurological examination was taken into account (AOR=1.43, 95% Cl 0.55, 3.73) and was no longer a signi®cant predictor of injury. MRI evidence of cord edema was the strongest predictor of reduced improvement in motor function (73.34 points, P=0.06) and light touch sensation (73.41 points, P=0.05) at 6 weeks. Conclusions: Cord hemorrhage, contusion, and edema on MRI were not associated with diagnosis of a complete cord injury after neurological assessment from the initial clinical examination was taken into account. Prediction of a worse 6 week neurological status was weakly associated with the presence of edema diagnosed by MRI. As MRI technology improves, these diagnostic and predictive capabilities need to be re-assessed.
Introduction
Not until the 1980s did magnetic resonance imaging (MRI) become part of the diagnostic armamentaria for spinal cord injury (SCI). A number of factors interfered with earlier use of MRI for these injuries, such as slow scanning speeds, low spatial resolution, and the diculty of stabilizing patients during lengthy scans. In addition the magnetic ®elds of MRI precluded the use of ferrous stabilization equipment. 1 Studies published in the early to mid 1990s established the diagnostic value of MRI in spinal cord injury, with its enhanced ability to depict hemorrhage, cord edema, contusion, and stenosis, as well as injury to vertebral bodies and paraspinal tissues. 2 ± 4 However, the prognostic value of MR imaging in spinal cord injury is less clear.
At the time of the National Acute Spinal Cord Injury Study 2 (NASCIS 2, 1985 ± 89) 8 few centers used MR imaging to assess spinal cord injury. During this time, level and degree of injury were determined primarily through plain spine X-rays, myelogram, or CT scan. However, re®nement of MR imaging scanners, improvements in reading MR imaging, and the development of non-ferrous materials for patient stabilization resulted in its increased use in assessing SCI. By the time NASCIS 3 randomized its ®rst patient in December 1991, MR imaging was a frequently used diagnostic tool in a number of spinal cord injury centers. Because of this, an MR imaging protocol to evaluate spinal cord injured patients within 72 h of injury was designed for elective use in NASCIS 3. The purpose of NASCIS 3 was to evaluate the ecacy and safety of methylprednisolone infused over 48 h (48 MP), or tirilazad mesylate administered every 6 h for 48 h (48 TM), with 24 h of methylprednisolone (24 MP). 9 The objective of this analysis is to evaluate the prognostic value of MR imaging for randomized patients in NASCIS 3, by determining whether the degree of neurological recovery at 6 weeks, as noted by changes in motor, pin, and touch responses can be predicted by MR imaging taken within 72 h of injury.
Methods
The data for this study are from the 499 patients randomized in NASCIS 3 between December 1991 and September 1995. MR imaging studies were performed electively on 282 patients during the acute care period; however, only 191 patients whose MR imaging was done within 72 h of injury are included in this study as that is the time period most likely to represent the initial injury. MR imaging included TI-weighted images with echo-delay time of 20 ± 25 ms and pulse repetition time (TR) of 400 ± 800 ms. T2-weighted images were done with a TE of 80 ms and TR of 2000 and TE 20 with TR 2000. Images were done in sagittal and axial planes with 3 ± 5 mm slices through the area of interest with surface coils.
Questions to be completed on the NASCIS MRI form were: time and data of injury, time and date of MR imaging, whether signal intensity was consistent with acute hemorrhage, increased T2 signal intensity consistent with edema, signal changes consistent with contusion, a normal study, or other result. Conditions were noted as present or absent. The category of other' included such information as stenosis, cord compression, or bulging disks. Investigators were not asked to provide any technical information on the MR imaging unit, length or location of the cord lesion, or other details of MR imaging.
In some centers, results of MR imaging were transcribed from the patient's MRI report onto the appropriate NASCIS forms by study neurosurgical nurses. In other centers, MRI results were read directly from the MRI image itself onto the NASCIS forms by the neurosurgeon associated with NASCIS 3.
Neurological examinations were performed by designated NASCIS personnel blind to which drug protocol the patient had been randomized. Patients were evaluated neurologically according to response to pin prick, light touch, and motor function at the time of admission to the study, and at preselected times in the year following the injury. Twenty-nine spinal cord segments, tested bilaterally for response to pin prick and light touch, were scored at 1=absent, 2=dysfunctional and 3=normal. Sensory scores ranged from a total score of 87 indicating normal response to a score of 29 indicating no response in any segment. Responses for the right side were summed, unless some cord segments could not be tested, in which case the left side was used. Motor function was determined by measuring bilaterally fourteen muscle roots, with 0=no contraction, 1=¯icker/trace of contraction, 2=active movement without antigravity, 3=active movement with antigravity, 4=active movement against resistance, and normal=5. The responses for the right side were summed and ranged from 0 to 70. Neurological change at 6 weeks after injury was determined by subtracting the motor and sensory score at the time of admission from the respective score at 6 weeks.
For purposes of this analysis we have only considered spinal cord surgery performed within 72 h of injury, to correspond with the timing of the ®rst MR imaging.
When we reviewed the distribution of extent of injury among those whose MR imaging was in thè other' category, 41 of these patients were noted as having a complete cord injury, and 31 were listed as incomplete. Twelve of the`other' also had hemorrhage in the canal.
Chi square tests for independence were used to analyze categorical data, and Student's t-test and analysis of variance to compare means of continuous data. Multiple logistic regression with complete vs incomplete spinal cord injury (with complete de®ned as no motor or sensory function below the level of the lesion) as the outcome variable was modeled separately for hemorrhage, contusion and edema, while statistically controlling for dierences in baseline motor, pin and touch scores.
Linear regression models with change in motor, pin, and touch scores at 6 weeks as outcome variables were analyzed to determine whether neurological improvement could be predicted from results of the MRI. Neurological improvement was de®ned as an improvement in motor, pin and touch scores at 6 weeks after injury. Independent variables in the statistical models were hemorrhage, contusion, or edema as identi®ed by MR imaging, the three drug protocols, two levels of spinal cord injury: complete, and incomplete, spinal cord surgery: yes or no, and neurological measurements of motor function, response to pin prick, and touch, obtained at time of hospital admission, as described above.
Results
Overall, evidence of hemorrhage is observed in 17.3% of MRI scans, contusion in 26.7% and edema in 40.8%. Twelve per cent of the patients were noted as having evidence of more than one condition on their scans. There are no statistically signi®cant dierences between the presence or absence of hemorrhage, contusion or edema, and gender, ethnicity, or age of the patients (Table 1) .
Patients with a complete cord injury on admission, as noted radiologically and by neurological examination, are signi®cantly more likely to have indications of hemorrhage in the spinal cord than those classi®ed as neurologically normal on motor function but with impaired sensation (26.7% vs 3.4%), while hemorrhage was observed in 13.8% of those with incomplete lesions (P=0.01). Although presence of contusion or edema is more common in complete cord injury, these dierences are not statistically signi®cant.
Patients with evidence of contusion are signi®cantly more likely to have received bolus doses of steroids before randomization. Those with evidence of edema are signi®cantly less likely to have been given steroids before study enrollment, while pre-randomization steroids are unrelated to the presence of hemorrhage. We found a signi®cantly greater proportion of patients with contusion on MRI in the 24 MP protocol and a signi®cantly greater proportion of patients with edema in the 48 MP protocol. The distribution of patients with hemorrhage on MR imaging is similar in all three drug protocols.
Although there is a slight increase in the proportion of patients with contusion who had their MR imaging later than 9 h after injury (the median time for MRI), the dierences in time elapsed from injury to MRI and diagnoses of hemorrhage, contusion or edema were not statistically signi®cant. Nor are there signi®cant dierences in MR results between those who had surgery 3 days or less after injury and those who did not.
When considering neurological function on admission, patients whose MR imaging results indicate hemorrhage or contusion are signi®cantly more likely to have lower motor, pin, and touch scores at the time of admission compared to those with no such indications (Table 2) . However, the ER motor, pin, and touch responses were unrelated to the presence of edema. Table 3 shows the association of MRI diagnoses of hemorrhage, contusion, and edema on recovery in motor, pin prick, and touch neurological scores at 6 weeks while controlling for ER motor score, complete cord injury, surgery, and drug protocols. Although not statistically signi®cant, hemorrhage in the cord is associated with some reduction in motor function (72.7 points) at 6 weeks, but is unrelated to change in response to pin prick and touch. Cord contusion is unrelated to recovery of motor function, but has a negative association on recovery to pin prick sensation (73.35 points); edema is associated with reductions in motor function (73.34) and light touch sensation (73.41), both of borderline statistical signi®cance.
Conclusion
Before controlling for neurological assessment scores at the time of admission, the presence of hemorrhage on MR imaging appeared signi®cantly likely to be predictive of a neurologically complete cord injury, while contusion and edema were unrelated to severity of injury. However, when admission neurological scores were added to logistic regression models, none of the adjusted odds ratios for MRI parameters signi®cantly predicted a complete cord injury. Thus, from the instrumentation used in the study, MRI results do not appear to add much to the diagnosis of a neurologically complete injury beyond the diagnosis When considering the prognostic value of MR imaging, evidence of edema in the spinal cord was a better predictor of worse recovery of motor function and touch 6 weeks after injury, than was hemorrhage or contusion, after adjusting for all neurologic baseline parameters in the regression analyses. Neither hemorrhage nor contusion was predictive of recovery of motor function, pin prick or light touch at 6 weeks. We have restricted the outcome studied to a 6 week follow-up which is the time when recovery from spinal injury can be ®rst observed without the in¯uence of initial spinal shock. The 6 week recovery rates are highly predictive of neurological recovery observed at 6 months and 1 year. 9 This study builds on existing MR imaging research in acute spinal cord injury. Earlier studies determined the accuracy of MR imaging to show pathology of the injured cord, typically at the time of admission. While there are methodological and design dierences between our study and the others we have cited, our study is in general agreement that the presence of hemorrhage in the spinal cord is indicative of a severe cord injury. 2 ± 7 Except for the Flanders et al 7 study, prior studies are based on small numbers, 2,3,5 or technical descriptions of MR scanners and their accuracy in depicting cord pathology. 3, 4 The early studies 2 ± 4 focused on the correlation of MR imaging results with neurological prognosis, and reported that the presence of hemorrhage, edema, or cord compression on MRI was an indicator of poor neurological recovery.
Flanders et al, 7 using motor scales from the American Spinal Injury Association (ASIA) and extensive multivariate analyses, found that information about hemorrhage and proximal-distal range of edema around the lesion as observed from MR imaging, increased the prognostic ability to predict clinical outcome 16% to 33% more than just clinical scores alone. While our study also examines the predictive capabilities of MR imaging, we dier from the Flanders et al 7 study in several ways: the size of the study sample, the inclusion of drug protocols in the analyses, the inclusion of sensory assessment as well as motor function, and the use of sensitive NASCIS neurological scoring (which is almost identical to the ASIA scales) to measure each spinal cord segment and muscle root. One weakness of our study is the lack of MR imaging results for the entire 499 NASCIS patients. This relatively restricted study sample explains the imbalance across MR imaging results. Like any study of technological screening, our analysis only re¯ects the sensitivity of MR imaging at time of study. New advances in imaging may lead to very dierent conclusions.
The present analyses ®nd that MR imaging does not add much to the diagnosis of neurologic function at the time of injury when compared with assessment by more traditional measures of neurologic function.
However, MR imaging results for hemorrhage and contusion are both well correlated with the traditional standard neurological examination. Evidence of edema by MR imaging, however, does appear to confer some additional prognostic value for a worse outcome in motor function and light touch sensation at 6 weeks, beyond the predictive value of the baseline neurologic status.
MR imaging provides valuable diagnostic information on the degree of damage to bone and soft tissue of the spine at the time of injury. As MR imaging techniques continue to be re®ned, they are likely to oer stronger predictions of neurological recovery. Future studies examining the role of MR imaging in predicting outcome need to control for drug/steroid therapy, surgical intervention and other maneuvers which may modify the prognostic value of imaging.
